We present a catalog of 497 flaring periods found in gamma-ray burst (GRB) light curves taken from the online XRT GRB Catalogue. We analyzed 680 individual light curves using a flare detection method developed and used on our UV/optical GRB Flare Catalog. The method makes use of the Bayesian Information Criterion to analyze the residuals of fitted GRB light curves and statistically determines the optimal fit to the light curve residuals in attempt to identify any additional features. These features, which we classify as flares, are identified by iteratively adding additional 'breaks' to the light curve. We find evidence of flaring in 310 of the analyzed light curves. For those light curves with flares, we find an average number of ∼1.5 flares per GRB. As with the UV/optical, flaring in our sample is generally confined to the first 1000 s of the afterglow, but can be detected to beyond 10 5 s. Only ∼50% of the detected flares follow the 'classical' definition of ∆t/t ≪ 1, with many of the largest flares exhibiting ∆t/t ∼ 1 and some exceeding this value.
INTRODUCTION
The Swift (Gehrels et al. 2004 ) mission has revolutionized the study of Gamma-ray Burst (GRB) afterglows due to its rapid response time and automated GRB response algorithms. Swift is comprised of three instruments that work together and all contribute their unique capabilities to this the study of GRBs. The Burst Alert Telescope (BAT; Barthelmy et al. 2005 ) first detects the GRB and causes the satellite to perform an autonomous slew to the GRB position, generally within ∼100 seconds of the GRB trigger. The X-ray Telescope (XRT; Burrows et al. 2005b ) and UV/Optical Telescope (UVOT; Roming et al. 2000 Roming et al. , 2004 Roming et al. , 2005 then begin an automated sequence of observations designed to localize the position of the GRB to less than an arcsecond and follow the decay of the afterglow. Swift has triggered on and localized an X-ray counterpart for over 700 GRBs, increasing the number of afterglow localizations by approximately an order of magnitude from the preSwift era. The rapid localizations and follow-up provided by Swift has resulted in several exciting new discoveries about the properties of the GRB afterglow, including the "canonical" X-ray light curve (Nousek et al. 2006) , which is observed in a number of GRBs (e.g. Hill et al. 2006 , Evans et al. 2009 ). Also discover early in the Swift mission was the presence of X-ray flares in the early afterglow (e.g. Burrows et al. 2005a , Romano et al. 2006 .
Flares in GRB afterglows had been seen previous to their observation by the XRT (e.g Piro et al. 1998 Piro et al. , 2005 , but only in three X-ray afterglows. The XRT observations have shown that flares are seen in phases of the canonical X-ray light curve and quite common, appearing in approximately 50% of the XRT afterglows (O'Brien et al. 2006) . These flares are observed as superimposed excesses deviating from the underlying light (Campana et al. 2006 ) and 050904 (Cusumano et al. 2007 ) it has been shown that X-ray flares are observed in both long and short GRBs, appear to come from a distinctly different emission mechanism than the underlying afterglow, and can be observed out to beyond 10 5 seconds from the initial GRB trigger (e.g. Swenson et al. 2010) . These studies also point toward a likely internal shock source for the flares, though the actual source of the flares still remains in question and may be caused by one of many different mechanisms including instabilities in the ejecta, stored electromagnetic energy or collision with the extrastellar medium (Zhang et al. 2006) .
Studying large numbers of flares from several different bursts, and analzying their bulk properties allows us to try and better constrain the physical process by which flares are created. Several previous studies have been performed on XRT light curves, analyzing groups of X-ray flares. The earliest studies by Falcone et al. (2007) and Chincarini et al. (2007) examined 33 flares in the first 110 GRBs observed by Swift. These studies showed that late-time internal shocks were necessary to explain the 10 of the observed flares and that some sort of central engie activity was the preferred method for a majority of the flares. Follow-up studies performed by (Chincarini et al. 2009 (Chincarini et al. , 2010 and (Margutti et al. 2010) showed that X-ray flaring may have some correlation with the GRB prompt emission and showed that flares evolve over time, and were likely caused by late-time internal dissipation processes. Morris (2008) did incorporate the BAT, XRT and UVOT data for the flare sample used by Falcone et al. (2007) and Chincarini et al. (2007) and showed that wheras the afterglow could be fit by a simple absorbed power law, the SED of the flaring periods could not. (Roming et al. 2006 ) attempted to perform a study analyzing flares in the UV/optical but was severely limited due to the low significance of UV/optical flares compared to X-ray flares.
Realizing the need for more detected flares in the UV/optical, in our first paper (Swenson et al. 2013) we presented a catalog of flares found in the UV/optical from the collection of light curves presented in the Second Swift Ultraviolet/Optical Telescope GRB Afterglow Catalog, an expansion on the First Swift Ultraviolet/Optical Telescope GRB after Catalog (Roming et al. 2009 ). These flares were found using a new algorithm developed specifically for the purpose of performing a blind, systematic search for flares in GRB afterglows. This search resulted in the discovery of 119 potential flaring periods in 68 GRB afterglows, many of which were previously undetected. This study showed that flares in the UV/optical are much more common than has previously been thought.
As mentioned previously, many of the studies on X-ray flares were limited in their reach due to limitations in their data sets. Falcone et al. (2007) and Chincarini et al. (2007) were limited by the time that Swift had been operating, Chincarini et al. (2009) limited their data set to GRBs with redshift measurements to study the actual energetics, Chincarini et al. (2010) limited their study to only flares found within the first 1000 seconds of the GRB afterglow, and Margutti et al. (2010) used only a sample of 9 exceptionally bright X-ray flares. There has yet to be a blind, systematic search for X-ray flares that is not somehow limited in scope.
The precise nature of the GRB central engine is still largely unknown and many of the previous studies on GRB flares have indicated a likely connection between flaring and the central engine, making the study of GRB flares crucial to our understanding of GRBs. Having a complimentary X-ray catalog using the algorithm developed in Swenson et al. (2013) would address the limitations mentioned in the previous X-ray studies and allow for more stringent constraints on the origin of GRB flares through cross-correlation of the X-ray and UV/optical.
In this paper we present the results from a blind, systematic search for flares in XRT light curves. Using the method described in Swenson et al. (2013) we have constructed the most complete catalog of X-ray flares to date and provide the temporal details of each flare, including T peak , ∆t/t, and the strength of the flare relative to the underlying light curve. In a forthcoming paper we will perform our cross-correlation analysis of this catalog and our UV/optical flare catalog. This paper is organized as follows: In §2 we describe our data set as well as our methodology for identifying flares. We present our catalog of GRB flares observed by the XRT in §3, and discuss the implications drawn from the catalog in §4.
METHODOLOGY
For the purposes of this study we will use the publicly available XRT light curves from the online Swift-XRT GRB Catalogue (Evans et al. 2007 (Evans et al. , 2009 ). We downloaded the light curves for the time period covering January 2005 through December 2012, inclusive, as well as the best fit parameters for each burst. We calculated the light curve residuals using the best fit parameters and perform our flare finding analysis on these residuals.
Our flare finding analysis follows the same basic methodology set forth in Swenson et al. (2013) . We processed the calculated residuals using the breakpoints analysis function (Zeileis et al. 2003) within the publicly available R (R Core Team 2013) package structchange (Zeileis et al. 2002) . The breakpoints analysis determines the optimal number of 'breakpoints' that are required to best explain any features that may remain in the residuals of the GRB light curve. This is done by simultaneously minimizing both the residual sum of squares (RSS) and the Bayesian Information Criterion (BIC; Schwarz 1978) over several iterative fits to the light curve. For the purposes of our analysis we used the guidelines provided by Kass & Raftery (1995) and require BIC i − BIC min > 6 as the criteria for determining the preferred fit to the light curve residuals. We performed 10, 000 Monte Carlo iterations for each GRB light curve, each time varying the datapoints to account for measurement error and then determining the optimal number of breakpoints and grouping those breakpoints into potential flares. For each potential flare we identify the following parameters: T Start , T peak and T Stop , the start, peak and end times of each flare, respectively, each nominally associated with an individually identified breakpoint. Due to the higher density of data points, and therefore timing resolution, our determinations of T start and T stop will be more precise than for the UV/optical flares, but we will continue to refer to them as 'limits' because there are still instances of poor timing resolution and gaps in the data that prevent us from determining a more accurate breakpoint. We calculated ∆t/t, defined as (T Stop -T Start )/T peak , and the peak flux ratio using the measured flux at T peak and an interpolation of the flux of the underlying light curve at the same time. We also provide a confidence measure, which we define as the fractional number of times that a particular flare was recovered during the 10, 000 simulations.
A few minor changes in the actual processing of the data were required, as opposed to the UV/optical dataset. Due to the much higher density of data points available in many of the X-ray light curves, as opposed to the relatively sparcely sampled UV/optical light curves, were were forced to limit the number of potential breakpoints identified to 75 per light curve. By default the analysis iteratively adds additional breakpoints between ever data point in the light curve, beginning with the strongest (i.e. most likely) breakpoint. This process is computationally intensive and adding an arbitrarily large number of additional breakpoints increases the processing time exponetially. By limiting the number of breakpoints to 75 we are allowing for a minimum of 25 individual flares per light curve. Our results presented in this paper show that no burst had more than nine individual flares identified, so the truncation of the analysis had no effect on the end results.
Additionally, due to the number of data points contained in some of the brightest X-ray light curves, the process of iteratively fitting every data point requires a large number of CPU cycles and completing the normal 10, 000 Monte Carlo iterations would have required several years of computional time. In those cases we limited the number of iterations to 1, 000 Monte Carlo simulations and report our confidence measure as the fraction of times the flare was recovered for those 1, 000 simulations.
RESULTS
Here we present the results of our analysis of the 680 XRT GRB light curves taken from the online Swift-XRT GRB Catalogue (Evans et al. 2007 (Evans et al. , 2009 ) spanning January 2005 to December 2012, inclusive. We detect 497 unique potential flaring periods, for which we can distinguish start and stop times, detected in 324 different light curves. A number of these identified flares are actually multiple superimposed flares contained within a shared 'flaring period'. Because of the high density of data points in the X-ray light curves, we are able to resolve periods of multiple overlapping flares. Due to the overlapping, we can not uniquely identify the start or stop of the individual flares within the larger 'flaring period'. We are limited to identifying only the start and stop times of the entire period containing the overlapping flares. For the sake of simplicity and completeness we will include these flaring periods in our analysis and simply refer to these flaring periods as 'flares'. Table 1 provides the following information for each potential flare: (1) GRB Name, (2) the flare peak time, defined as the data point most often identified as the flare peak during the Monte Carlo simulations, as well as limits on (3) T start and (4) T stop , defined as the last and first data points, respectively that are well fit by the underlying light curve. (5) a limit on ∆t/t based on the peak time, T start and T stop , and (6) the ratio of the peak flux during the flaring period, relative to the flux of the underlying light curve at the same time, using the observed flux at the flare peak time and an interpolation of the flux of the underlying light curve. The flux ratio is normalized using the flux of the underlying light curve to allow for direct comparison of each flare across all light curves. Finally, (7) the confidence measure of the detected flare indicating the fractional number of times the flare was recovered during the 10, 000 Monte Carlo simulations. We have noted the overlapping 'flaring periods' with an ' * ' next to the GRB name in Table 1. 4. DISCUSSION Our analysis shows that at least 47% of the analyzed XRT light curves contain possible flaring episodes. This percentage is very similar to previous studies (e.g. O'Brien et al. 2006; Chincarini et al. 2010) , in spite of our detection of a significantly larger number of total flares and specifically a larger number of small, weak flares. This may indicate that X-ray GRB afterglows comes in two varieties: those with flares and those without.
In our analysis of the bulk properties of the detected X-ray flares we have followed the same method used in Swenson et al. (2013) and divided the flares into three groups: "gold", "silver" and "bronze". Our comparisons to uv/optical flares will also come from our analysis found in Swenson et al. (2013) .
The gold group is defined as those flares with confidence measure greater than 0.7 and ∆t/t ≤ 0.5. This group constitues those flares which satisfy the somewhat "classical" definition of a flare in terms of duration and have a good recoverability rate. This group contains 127 flares. The silver group allows for longer flares and lower confidence, expanding the parameters to confidence measure greater than 0.6 and ∆t/t ≤ 1.0. This group contains 115 flares after excluding overlap from the gold group. The remaining flares that do not qualify for either the gold or silver are grouped together in the bronze, which contains 255 flares.
Of the 323 X-ray light curves with flares, the average number of flares per GRB is ∼1.5. Figure 1 shows the distribution of flares per GRB for the gold, silver and bronze groups, shown in black, blue, and red, respectively. GRB100728A had the most resolved flares of the analyzed bursts, with nine, and five other GRB light curves had five or more flares.
The flare peak times range from between 48 s after the trigger of GRB 110119A to over 400 ks for GRB 090902B. 82% of all detected flares peaked before 1000 s, nearly matching the percentage seen in the UV/optical light curves. We suspect that this similarity to the UV/optical flares is not coincidental and that many of these flares may be correlated, or at the very least caused by a similar mechanism that is active during the early stages of the GRB. This issue will be looked at in depth in our next paper correlating the UV/optical and X-ray flares. Figure 2 shows the distribution of T peak for the three groups of flares. The grouping of T peak ≤ 1000 s is immediately obvious in all three groups, and all three groups appear to originate from a similar parent distribution peaking between 300 s and 500 s after the trigger.
The duration of the flares, recognizing that a number of the T start and T stop values are only limits, vary from ∆t/t of 0.02 to over 100 (though the extremely large values are due to observing gaps in the data). Only ∼50% of the flares exhibited ∆t/t ≤ 0.5, whereas this number was at least 80% for the UV/optical flares. This difference between the duration of the X-ray and UV/optical flares may be due to the UV/optical flares being generally fainter than those seen in the X-ray. If we only see the peak of the flare in the UV/optical, then our measured duration for the flare will be biased relative to the X-ray where we see more of the flare rise and decay. Figure 3 shows the distribution of ∆t/t for the three groups of flares. Ioka et al. (2005) showed that it is difficult to achieve rapid variability, defined as ∆t/t ≤ 1, in the external shock and so an internal shock model has been favored to explain the ∆t/t ≪ 1 seen in most flares. However, Figure 3 shows a significant number of possible flares that exhibit ∆t/t > 1. For this work we are reporting all potential features detected by our flare finding algorithm, and we treat them as potential flares. It is possible, however, that a portion of our detected features, in particular those with ∆t/t ≥ 1, are due to other processes, such as the emergence of the reverse shock, and are not flares. It is also possible that these are flares caused by processes other than internal shocks. An interesting relationship between the gold, silver and bronze groups needs to be pointed out when interpreting Figure 3. There is a continuous distribution of potential flares that is spread across the three groups. We split the detected flares into three groups based on the prior understanding of flare properties, namely ∆t/t ≪ 1, and so created groups based on the combination of flare recoverability and ∆t/t. Many of the very large and most easily identified potential flares exhibit ∆t/t > 0.5 and some ∆t/t > 1.0. Because the flares do not meet the criteria for the gold group they spill over into the silver and bronze groups. This can be seen by the abrupt cut-off, based on our group criterion, in the gold group at ∆t/t = 0.5 and the subsequent continuation of the distribution in the silver group between 0.5 < ∆t/t ≤ 1.0 and the excess tail extending into the bronze group at ∆t/t > 1.0. These large flares comprise the majority of the silver group, with the remaining flares being distributed at ∆t/t < 0.5. The primary distribution of the bronze flares, removing the extended tail from the gold and silver groups, can be see at ∆t/t < 1.0 and peaking at ∆t/t ∼ 0.1
The relative strengths of the flares ranges from a minimum flux ratio of 0.1 to a maximum of several thousand. Figure 4 shows the distribution of flare flux ratios for the three groups for values < 5. All three groups of flux ratios have long tails that extend into the tens, hundreds, and thousands for the gold, silver, and bronze groups, respectively. The flux ratios shown in Figure 4 show the distributions for those smaller, weaker flares that have previously been less studied. Unlike the UV/optical flares, which had noticeable gaps in the distributions of flux ratios, the X-ray flares show a much more continuous distribution. The silver group appears to have either a bimodal distribution with peaks at 0.6 and 1.3, or a continuous distribution that is suppressed near a flux ratio of 1.0. This same suppression also appears in the bronze distribution as a sudden dropoff at flux ratios > 1.0, rising again to a peak at 1.3. The gold group does not exhibit the suppression at flux ratio of 1.0 but is well fit by a distribution centered at ∼0.8. Only a small number (17%) of UV/optical flares were considered to be strong flares with flux ratios > 2. By that same criteria 33% of X-ray flares are considered large, showing the relative strength of X-ray flares compared to the UV/optical flares.
CONCLUCSIONS
We have analyzed 680 XRT GRB light curves from the online Swift-XRT GRB Catalogue (Evans et al. 2007 (Evans et al. , 2009 ) using the flare detection method introduced in Swenson et al. (2013) . We detect the presence of 497 unique potential flaring periods, many of them previously unreported. We plan to perform a cross-correlation analysis of the UV/optical flares provided in Swenson et al. (2013) and the X-ray flares reported in this work. By using the multi-wavelength flare information from these two catalogs we will be able to better constrain the properties of GRB flares and better understand their origin. 
